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VACUUM PUMP WITH MAGNETIC
BEARING SYSTEM AND BACK-UP
BEARINGS

BACKGROUND OF THE INVENTION

This invention relates to a vacuum pump with a bearing,
assembly and more particularly to the vacuum pump with a
magnetic bearing system of the kind having back-up bear-
ings contained inside the shaft of the vacuum pump. This

mechanical bearings set up 1s disclosed in the U.S. patent
application No. 08/858,230 filed by Varian Associates, Inc.

The U.S. Pat. No. 5,238,362 1ssued Aug. 24, 1993 to

Casaro, et al. discloses a turbomolecular vacuum pump for
which a system according to this invention can be suitable
and 1s assigned to the assignee herein. This patent will be
incorporated herein by reference, detailed accounts of some
of common components of a vacuum pump being thus
omitted.

Although a vacuum pump according to aforementioned
U.S. Pat. No. 5,238,362 provides increased compression
rat1os, it 1s desirable to keep improving the quality of such
a vacuum pump, for example, by providing an improved
bearing assembly with improved capability in radial and
axial position sensing and a reduced size.

SUMMARY OF THE INVENTION

It 1s an object of this invention to provide a vacuum pump
with an improved magnetic bearing system having back-up
bearings and more particularly to the turbopump with such
a system which 1s compact and easy to disassemble.

A magnetic bearing system of the vacuum pump embody-
ing this invention, with which the above and other objects
can be accomplished, may be characterized not only as
comprising a rotor with a hollow rotary shaft, a pump
housing enclosing the rotor and magnetic bearings for
supporting the rotor inside the pump housing, but also
wherein a fixed tubular shaft 1s disposed inside the rotary
shaft, supporting a set of back-up bearings on its outer
surface spaced from the inner wall of the rotor shaft and
another set of back-up bearings on 1ts inner surface. A
cylindrical member attached to the rotor protrudes into the
inner space of the tubular fixed shaft, spaced by a small gap
from the 1nternally mounted back-up bearings.

The mechanical back-up bearings, thus mounted, can be
made smaller than back-up bearings used 1n prior art mag-
netic bearing systems, thereby improving the dynamic emer-
gency capabilities of the magnetic bearing system.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and form a part of this specification, illustrate an embodi-
ment of the invention and, together with the description,
serve to explamn the principles of the invention. In the
drawings:

FIG. 1 1s a sectional view of a magnetic bearing system
embodying this mvention incorporated 1n a vacuum pump;
and

FIG. 2 1s a schematic sectional view of a portion of the
system shown 1n FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a magnetic bearing system embodying this
invention incorporated in a vacuum pump of the kind

disclosed 1n aforementioned U.S. Pat. No. 5,238,362,
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numeral 10 indicating the housing structure of the vacuum
pump and numeral 20 generally indicating 1ts rotor, enclosed
inside the pump housing 10. Numeral 22 indicates an
electric motor for the rotation of the rotor 20 and numeral 24
indicates magnetic bearings which may be of a known kind,
disclosed, for example, in U.S. Pat. No. 4,023,920 for
magnetically supporting the rotor 20 with respect to the
pump housing 10.

FIG. 2 shows schematically a portion of FIG. 1 where
mechanical back-up bearings are provided for continuing to
support the rotor 20 with respect to the pump housing 10 in
the case of an emergency where the magnetic bearings 24
fail to function properly. With reference simultaneously to
FIGS. 1 and 2, and more particularly to FIG. 2, numeral 25
indicates a longitudinally elongated rotary shaft (or “the
rotor shaft”) which is attached firmly to the rotor 20,
extending longitudinally backward (to the left with reference
to FIGS. 1 and 2) and around the axis of which the rotor 20
1s adapted to rotate. As shown 1n FIGS. 1 and 2, the back end
part of the rotor shaft 25 1s tubular, having a cylindrical inner
wall 26 which encloses therein a longitudinally elongated
inner space opening to the back.

The pump housing 10 has a flange part 12 attached thereto
at 1ts back end. A stationary tubular cylindrical shaft
(hereinafter referred to as “the fixed shaft 30”) for support-
ing the aforementioned back-up bearings (to be described in
detail below) is attached to this flange 12, protruding in the
forward direction therefrom coaxially with and 1n the inner
space of the rotor shaft 25. The rotor 20 has a cylindrical
protrusion 40 which 1s coaxial with the rotor shaft 25 and

extends backwards, penetrating into the hollow interior of
this fixed shaft 30 from the front side.

A set of mechanical annular bearings 32 (hereinafter
referred to as “the backward backup bearings”) is mounted
on the outer surface of the fixed shaft 30 at a relatively
backward position, with their external surfaces spaced from
the inner wall 26 of the rotor shaft 25, leaving a specified gap
therebetween. An annular nut 33 with a threaded inner
surface 1s similarly mounted i1n front of the backward
back-up bearings 32, engaging with a threaded portion on
the outer surface of the fixed shatt 30 such that the backward
back-up bearings 32 can be pushed backward, as the nut 33
1s rotated, against a step 34 formed on the outer surface of
the fixed shaft 30, as shown 1n FIG. 2, such that the
backward back-up bearings 32 can be securely fastened to
the fixed shaft 30, prevented from sliding 1n the longitudinal
direction during the operation of the vacuum pump.

Another set of mechanical annular bearings 36
(hereiafter referred to as “the forward back-up bearings™) is
mounted on the inner wall of the fixed shaft 30 near its
forward end such that their inner surfaces are in a face-to-
face relationship with but spaced from the outer cylindrical
surface of the protrusion 40, leaving a specified gap ther-
cbetween. The forward backup bearings 36 are sandwiched
between a step 38 formed on the inner surface of the tubular
fixed shaft 30 and the side surface of nut 49 when screwed
on the suitable thread in the inner surface of shaft 30, as
shown 1n FIG. 2, so as to be prevented from changing their
positions 1n the longitudinal direction during the operation
of the vacuum pump.

An axial stopper plate 45 is attached to the tip (or the
backward end) of the backwardly extending protrusion 40
by means of a screw 48, serving to prevent the protrusion 40
from sliding forward with respect to the fixed shaft 30. The
step 42 formed on the cylindrical protrusion 40 serves to
prevent the protrusion 40, and so the rotor shaft 25 and the
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rotor 20, from shiding backward with respect to the fixed
shaft 30. A predetermined axial gap 1s left between forward
backup bearing set and both stopper means: the axial stopper
plate 45 and step 42.

Although the 1nvention has been described above by way
of a single embodiment, this embodiment 1s not intended to
limit the scope of the invention. Many modifications and
variations are possible within the scope of the invention.
Although the vacuum pump, 1mnto which the present inven-
fion 1s 1ntended to be incorporated, has been only schemati-
cally described, neither 1s this schematic description
intended to limit the scope of the invention. In general, 1t 1s
expected that magnetic bearings be provided for the dis-
placement of the rotor shaft both in the radial and axial
directions, and sensors for such displacements are usually
provided. Positioning of such magnetic bearings and sensors
1s not intended to limit the scope of the 1nvention.

One of the advantages of the present invention, as
described above, 1s that the back-up bearings, being dis-
posed 1nside the rotor shaft 25 can be made smaller, inde-
pendent of the size of the magnetic bearings. In particular,
the forward back-up bearings 36, attached inside the fixed
shaft 30 which 1s disposed 1nside the rotor shaft 25, can be
made conveniently smaller. Being smaller and having
smaller masses of rolling elements, the forward back-up
bearings 36, 1n particular, have the capability of faster
acceleration, providing better dynamic emergency capabili-
fies.

The components according to this invention are also
casier to assemble to produce the whole system. Because of
the open tubular design of the rotor shaft 25, the system can
be disassembled easily from the back side, and the back-up
bearings can be changed even 1if the system 1s accessible
only from the back side (which is the lower side if the pump
is set up in the vertical orientation).

All such modifications and variations that may be appar-
ent to a person skilled 1n the art are intended to be included
within the scope of this invention.

What 1s claimed 1s:

1. A vacuum pump with a magnetic bearing system
including a rotor, a pump housing enclosing said rotor and
magnetic bearings for supporting said rotor with respect to
said pump housing, said magnetic bearing system compris-
Ing:

a rotary rotor shaft attached to said rotor so as to rotate

with said rotor, said rotor shaft having an axially

clongated tubular back end part having a cylindrical
inner wall which encloses an 1nner space therein;

a fixed tubular shaft being affixed to said pump housing
and extending forward 1nside said inner space coaxially
with said rotor shaft;
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backward back-up bearings set supported externally
around said fixed tubular shaft inside said inner space
of said rotor shaft and spaced from said inner wall of
said rotor shaft;

a cylindrical protrusion athixed to said rotor so as to rotate
coaxially with said rotor shaft and extending backward
inside said fixed tubular shaft; and

forward back-up bearings set contained inside and
attached coaxially to said fixed tubular shaft so as to be
opposite to and spaced from said protrusion.

2. The vacuum pump with the magnetic bearing system of
claim 1, further comprising a protrusion stopper means for
maintaining said protrusion and said forward back-up bear-
ings 1 a mutually opposite positional relationship.

3. The vacuum pump with the magnetic bearing system of
claim 2, wherein said protrusion stopper means includes a
plate and a screw for fastening said plate to a front end of
said protrusion, wherein said rotor becomes removable from
saild pump housing by removing said screw from said
protrusion, said plate and said set of forward back-up
bearings form a gap therebetween.

4. The vacuum pump with the magnetic bearing system of
claim 3, wheremn said protrusion stopper means further
comprising a step which 1s formed therein, said step and said
set of forward back-up bearings form a gap therebetween.

5. The vacuum pump with the magnetic bearing system of
claim 1, wherein said forward back-up bearings are axially
at a forward position with respect to said backward back-up
bearings.

6. The vacuum pump with the magnetic bearing system of
claim 1, further comprising backward back-up bearing affix-
ing means for preventing said backward back-up bearings
from shiding axially along said fixed tubular shaft.

7. The vacuum pump with the magnetic bearing system of
claim 6, wherein said backward back-up bearing affixing
means 1include a step which 1s formed on an external surface
of said fixed tubular shaft and a ring nut mounted on said
external surface of said fixed tubular shaft serving to press
said backward back-up bearing axially backward against
said step.

8. The vacuum pump with the magnetic bearing system of
claim 1, further comprising forward back-up bearing aflix-
ing means for preventing said forward back-up bearings
from sliding axially along said fixed tubular shaft.

9. The vacuum pump with the magnetic bearing system of
claim 8, wherein said forward back-up bearing affixing
means comprise a step which 1s formed on an interior
surface of said fixed tubular shaft and a ring nut mounted on
said interior surface of said fixed tubular shaft serving to
press said forward back-up bearing axially backward against
said step.
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